Introduction
From the middle of the last century, researchers from different countries conducted an active search for informative methods for diagnosing sub clinical mastitis of cows (Hamilton et al., 2006; Green et al., 2007) . Most developments were based on determining the number of somatic cells in the secretion of the mammary gland (Call et al., 2008; Blum et al., 2015; Abebe et al., 2016; Kempf et al., 2016) . While most of the techniques are based on determining the number of somatic cells as a diagnostic criterion for the diagnosis of subclinical pathology of cows (Yablonskyi and Zhelavskyi, 2007; Kurjogi et al., 2014; Thompson-Crispi et al., 2014; Wu et al., 2015; Delfani et al., 2017; Cao et al., 2018) . Despite this, the researchers constantly encountered problems in interpreting the results (Singh et al., 2011; Wang et al., 2014; AlFarha et al., 2017; Sato et al., 2017) . It was related to the of dynamic changes in the quantitative composition of somatic cells in different periods of lactation, daily oscillations in their numbers; study species and individual peculiarities of animals (Zhelavskyi, 2005; Kurjogi et al., 2014; Lombardini et al., 2017; Pang et al., 2017) .
Significant difficulties were the definition of subclinical mastitis in the early period of lactation. The study of colostrum and secretion of the mammary gland in the final period of lactation (Zhelavskyi, 2007; Yablonskyi and Zhelavskyi, 2009; Ndhlovu et al., 2017) .
The prospect in this area is the development of new informative methods for diagnosing sublinear mastitis of cows based on the identification of the functional state of phagocyte cells (Zhelavskyi, 2015; . For now, most developed express methods are based only on determining the number of cells (Hamilton et al., 2006; Green et al., 2007; Singh et al., 2011; Thompson-Crispi et al., 2014; Delfani et al., 2017) .
The purpose of the research was to improve the laboratory methods of diagnosis of mastitis and to study the cytological composition of the secretion of the breast of the cows for subclinical and purulent catarrhal inflammation of the udder.
Material and methods
Clinical and experimental studies were conducted in Ukrainian farms (Khmelnytsky and Vinnytsia region). Laboratory studies were carried out in the specialized laboratory of immunology of animal reproduction of the Faculty of Veterinary Medicine of the Podilsky State Agrarian and Technical University (Kamyanets-Podilsky, Khmelnytsky Region, Ukraine).
The experiments were conducted on cows-analogues of the Ukrainian black-and-white dairy breed using the method of groups and periods.To conduct clinical and experimental studies, three groups of animals were formed.
Group 1 -control (Control, n = 32) -clinically healthy cows.
Group 2 -research (R1, n = 58) consisted of animals with subclinical mastitis.
Group 3 -(R3, n = 28) consisted of cows with a clinical diagnosis: purulent-catarrhal mastitis.
A complex study of the immunobiological status was carried out during the testing of non-specific immunobiological resistance. The cytological differentiation of the cells of milk was carried out according to its patented method (Patent 58403 Ukraine).
Samples of alveolar milk were taken for cytological examination of the secretion of the mammary gland, adhering to the necessary rules of asepsis and antiseptics. An informative diagnostic method has been developed that allows for accurate cytological diagnostic. The essence of the method is that the secretion of the cells of the mammary gland was carried out by sedimentation in the gradient of density of the Ficoll -Verofragine. Innovation and perfection of the technique is the ability to isolate a pure cell suspension of immune cells. And also in the possibility of conducting a clear differential assessment and in the future to conduct a series of cytochemical and immunological studies.
Method for secretion of the cell cervical mammary secretion.
A sample of milk (1.0 ml) was placed on a gradient of density Ficoll 400 (type 400-DL, Sigma Aldrich) & Verografin (ρ 1.077 g/cm 3 ) and centrifuged for 20 minutes at 1500 rpm. After this, an interphase medium containing a cell pool was taken. Next 0.15 ml of a cell suspension were taken, which was applied to the skimmed glass and prepared a smear. The preparation was dried in air (5-7 minutes) at room temperature (t ~ 18-22 °C) and fixed (3-5 min) Methanol (90°). Finished microslide stain on the method of Romanovsky-Giemsa and Papeenheim.
Microscopy of the microsphere is made by an increase of 2500. Further, a pure cell pool was isolated and cytological differentiation of somatic cells count (SCC, cells/ml x1000) was determined, with their varieties (lymphocytes, neutrophils, monocytes, histiocytes, epithelial cells, separate nuclei, non-nuclear cell structures).
When biometric processing of data arrays, other immunological parameters were also indicated: the index of migration activity of lymphocytes (IMAL), the index of migration activity of neutrophils (IMAN), the index of transformation of macrophage transformation (IMT), the lymphocyte-granulocytic index (LGI) (Yablonskyi and Zhelavskyi, 2001; 2009; .
This study was approved according to the Law of Ukraine "On the Protection of Animals from Cruel Treatment" (No. 3447-IV of February 21, 2006 ) and all animal manipulations were carried out in accordance with the European Convention for the Protection of Vertebrate Animals used for experimental and scientific purposes (Strasbourg, 18 March 1986) . All experiments were carried out with the Ethical Permit at the State Agrarian and Engineering University in Podilya. Mathematical processing of research results was processed statistically using the Statistica 6.0 software package. The results of the mean values were considered statistically significant at * -Р < 0.05,**-Р < 0.001 (ANOVA).
Results and discussion
Lactation is a high-energy process accompanied by significant metabolic and neurohumoral regulation. During lactation, the tension is also manifested by physiological fluctuations in the parameters of immune homeostasis. Changes occur at both the local and systemic levels of immune defense, the development of which leads to the emergence and development of mastitis.
Studies have shown that subclinical mastitis of cows is marked by a sharp increase of the total somatic cells count of secret, which almost ten times (3819.23 ± 76.36 cell/ml x 1000, P < 0.01) exceeded the control index. The inflammatory reaction in udder (and in the body as a whole) was accompanied by significant changes in the cytological composition of the secretion. At the forefront was a sharp increase in the secretion of the mammary gland in the population of primed (in active standby) neutrophil granulocytes (50.73 ± 1.34%, P < 0.01). This which testified to the primary involvement of phagocytes in the complex mechanism of the pathogenesis of the disease (table 1) . Notes: the degree of reliability compared with data of the control group: * − P < 0.05; ** − P < 0.01.
In microslides, the population of monocytes (4.28 ± 0.51%, P < 0.01) and other microphage cells -histiocytes, whose number almost doubled (8.2 ± 0.41%) -exceeded their level in clinically healthy cows (4.18 ± 0.39%). The pathological process was also accompanied by a relative decrease in the secretion of the number of epithelial cells (by almost 10%, P < 0.01) and a two-fold decrease in seperate nuclei (0.78 ± 0.04%, P < 0.01), indicating a secretory dysfunctions of the mammary gland.
Corresponding changes were found in the cytological balance of immunocompetent cells of the secretion of cows at from subclinical mastitis. The most significant shift was noted in the index of migratory activity of neutrophils (1.44 ± 0.17 vs. 0.86 ± 0.07, P < 0.01), which is a specific "indicator" indicator of inflammatory response in the body of diseased animals. Subclinical inflammation was also manifested by a decrease in the migration activity of lymphocytes (IMAL -0.04 ± 0.01 versus 0.07 ± 0.02, P < 0.01) and decreased transformation ability of macrophages (ITM -1.91 ± 0.01 versus 2.16 ± 0.02). This, in turn, indicated an initial dysfunction in the macrophage-level immune system.
Changes in the population balance of immunocompetent cells have also been reflected in the lymphocytic granulocyte index. This which in turn confirms that the acute phase of the inflammatory process manifests itself as a violent activation of neutrophils -primary inflammatory messengers. Certain features of local immunity are noted in the development of purulent-catarrhal mastitis of cows. Clinical research methods showed a general oppression in patients with cows, a sharp increase in body temperature to 40-41 °С, tachycardia (93-107 beats per minute), tachypnoea (32-47 breaths per minute), decrease in lactation.
The inflamed part of the mammary gland increased in size, acquired a condensed consistency, the skin was tense and hyperemia. Palpation has shown a strong pain reaction. In all cases, we have diagnosed an increase in the surface lymph node from the affected part of the organ. The secret of the gland was acquired in a grayish-white or yellowish color, creamy or creamy consistency containing admixture of cereals and manure and had a specific odor.
Analyzing the data it can be noted that purulentcatarrhal mastitis is accompanied by significant changes in the cytological composition of the milk secretion of sick cows. Acute inflammatory reaction revealed a significant increase in the total somatic cells count in milk (8448.52 ± 180.98 versus 255.72 ± 17.5 cell/ml x 1000 in clinically healthy cows, P < 0.01). Purulent-catarrhal exudation of the mammary gland was also accompanied by an increase in its share of neutrophil granulocytes (by almost 14%) and a slight increase in the percentage of histiocytic cells (4.41 ± 0.88 versus 4.18 ± 0.39%).
Purulent-catarrhal mastitis of cows also manifests itself a change in the cytological balance of immunocompetent cells of the secretion of the mammary gland. First of all, it should be noted that the inflammatory reaction was manifested here by a sharp increase in the index of IMAN (1.55 ± 0.02 vs. 0.86 ± 0.07, P < 0.01). This fact clearly confirmed that the purulent-catarrhal inflammatory reaction occurred in the background of the activation of the migration capacity of neutrophils into the pathological process. Obviously, neutrophilic granulocytes, which migrated to the parenchyma of the udder, even at the onset of clinical pathology (with subclinical inflammation). In this case, a number of hematrons, cytokines, enzymes, etc. in the inflammation zone extrude, which is important in the pathogenesis of purulent-catarrhal inflammation. In the pathogenesis of clinical mastitis also marked characteristic changes in the indicators of immunobiological balance, in particular IMAL, reflecting the intensity of migration of lymphocytes into the inflammation zone. It was found that this index also significantly decreased (0.05 ± 0.01). This indicates a change in the immunoregulatory function of the local immune defense due to lymphocyte insufficiency (table 2) . Changes in the cytological composition also affected the LGI. When purulentcatarrhal mastitis, this indicator is significantly different from the control value of patients with subclinical mastitis of cows.
This phenomenon clearly demonstrates the importance of neutrophil granulocytes in the area of pathological process ( fig. 1) . Our further researches have proved that the prolonged persistence of neutrophils in the parenchyma of the mammary gland causes serious destructive processes. Consequently, when considering the pathogenesis, along with the quantitative composition, it is necessary to take into account the functional state of the cells, as well as their survival (state of apoptosis), since excessive destruction of phagocytic cells also plays a role in the development of purulent -catarrhal inflammation in the mammary gland.
The cause of mastitis is the pathogenic effect of mechanical, physical, chemical and biological factors on the animal's organism. In this case, in most cases, the etiology of mastitis is multifactorial and the disease always arises on the background of a decrease in immunobiological protection, both at the local and system level, and is accompanied by changes in immune reactivity (Hamilton et al., 2006; Wu et al., 2015) . However, the microbial factor is of paramount importance in the application of the pathogenetic mechanisms of this pathology, and therefore knowledge and determination of the biological balance between microorganisms and microorganisms is a significant moment in improving the methods of diagnosis, prevention and treatment of cows Pang et al., 2017) .
Among somatic cells, the highest percentages in these periods belong to neutrophilic granulocytes. The number of polymorphonuclear neutrophils in the secretion of the mammary gland is increasing during the period of secretion of colostrum and at the launch (up to 40%). Especially the population of neutrophils increases with the development of a mastitis (Green et al., 2007; Blum et al., 2015) .
The multifaceted role in the formation of local immunity is performed by the macrophages of the secretion of the mammary gland. However, in functional terms, this cell population is less active than the microphages of the secretion. Neutrophil granulocytes play an important role in the cellular defense of the mammary gland. Under physiological conditions, a significant number of neutrophils is subjected to apoptosis -a physiological regulator of immune homeostasis. It has been shown that a significant amount of neutrophils in the secretion of the mammary gland are inactive and subjected to apoptosis.There are numerous reports on the dynamic changes in the population of neutrophil granulocytes in secretion in different periods of the functioning of the mammary gland. A clear connection was established between the growth of this cell population with the manifestation of inflammation in the mammary gland.
There is a clear correlation between the number of neutrophils and the risk of developing mastitis in cows. Therefore, according to recent data, neutrophilic granulocytes are considered as one of the main inflammatory effects that trigger a cascade of immunobiological reactions. It is also proved correlation of natural resistance with the number of polymorphonuclear cells in milk -as the main indicator of resistance to infection.
Important in the formation of the immune response are receptors and cytokines. Currently, scientists are studying the role of Toll-like receptors (TLRs) -membrane structures that play an important role in the identification of pathogenic microorganisms (Thompson-Crispi et al., 2014) .
We have established cytological methods that subclinical mastitis of cows was accompanied by a sharp increase in the total number of somatic cells. In the secretion of the mammary gland increase the percentage of neutrophil granulocytes, monocytes and histiocytes against the background of an increase in the index of migration activity of neutrophils and a shift in the balance of the lymphocytic granulocytic index. This convincingly proves that subclinical inflammatory mastitis manifests itself by the active migration of phagocytic cells into the pathological process area and the growth of the particle in it phagocytic cells -the first effector unit in the antimicrobial defense system (Yablonskyi and Zhelavskyi, 2007; 2008; 2009; Ruegg et al., 2017) .
Manifestation of clinical signs of purulent-catarrhal inflammation of the mammary gland of cows was accompanied by a significant increase (P < 0.01) of the total number of somatic cells to 8448.52 ± 180.98 cell/ml x 1000. In this case, an increase in neutrophil migration in the pathology zone. This occurred on the background of a decrease in the proportion of monocytes and histiocytes and deeper shifts in cytological indices, was noted.
This phenomenon can be explained by the complete deployment of immunological reactions (Zhelavskyi, 2009; Zhelavskyi, 2010; Ceniti et al., 2017; Cao et al., 2018) . This during which there are deficient changes in the parameters of cellular protection associated with disturbed disproportionate balance of cells and their inability to transform (a decrease in the number of histiocytes).
Conclusion
1. Subclinical mastitis of cows is accompanied by a sharp increase in the total number of somatic cells in the secretion of the mammary gland. This is due to the activity of neutrophil granulocytes, monocytes of histiocytes, which are on the background of an increase in the index of migration activity and a shift in the balance of immunocompetent cells.
2. With purulent-catarrhal mastitis of cows there is a significant increase (P < 0.01) in the somatic cells count (up to 8448.52 ± 180.98 cell/ml x 1000). Also, the migration activity of neutrophils and histiocytes in the pathologic process zone is increasing. And there are also more profound shifts in the balance of immune cells.
3. Our experimental data convincingly confirm that in subclinical and purulent-catarrhal mastitis in cows there are significant changes in the system of local immune defense of the mammary gland. It has an important diagnostic value, and also needs immunocorrection in the treatment process.
Prospects for further research. The results of the research will be used in the future to study the system of congenital immune mammary gland, as well as for the development of immunocorrection therapy for the treatment of cows with mastitis.
